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SUMMARY 
The report describes a Fortran II code for the IBM 7090 computer which 
solves the monoenergetical transport equation in the P5 approximation for 
a multiregion cylindrical geometry. 
Special attention is paid to the numerical difficulties encountered in this 
work. 
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SPHERICAL HARMONICS P5 PROGRAMME'"*" 
1# General description 
The code described in ­this report was written by the au­
thor while at the Dragon Project, Α.Ε,Ε. Winfrith, for the 
Ferranti Mercury computer. 
Because of the difficulty in the use of doubl'e precision 
matrix operations on that computer the code did not work pro­
perly there for many difficult cases. ·.­.·■·.■, 
Now the programme has been translated into Fortran II for the 
IBM. 7090 computer and it works satisfactorily. 
The programme, solves the monoenergetical transport equation 
in the P5 approximation for a multiregion cylindrical geometry. 
Up to 10 concentrical regions can be considered. 
The scattering is considered to be isotropic. 
Two boundary conditions, reflective and infinite medium, 
are available, and an air gap may be considered. The equations 
are solved by the propagation method described for the P„ ap­
proximation in ref. 1. 
Such methods have the advantage of solving large regions 
without losing accuracy in cases where numerical techniques 
might fail, and are quick where large uniform regions are con­
sidered . 
While the programming of the P„ did not present great nume­
rical difficulties, the P^ required double precision and a 
tightening up of the procedure of matrix propagation. 
Being all analytical the code is very fast (a typical case 
can run in 15 to 20 seconds) but the numerical difficulties en­
contered in writing it show that the Ρ is about the highest 
approximation which one can treat with this method. 
As a control on the accuracy of the results', the flux at 
+ Manuscript received on October 5, 1965 
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each boundary is printed twice with 8 decimal figures, once 
calculated from the inner side and the­other time from the 
outer side of the boundary. Any difference between the two 
fluxes is due to numerical inaccuracy. 
2, Theory and Code 
The expansion of the flux is given by 
2πγ ( r , ù) = 
Ì W r ) + 4 -'11 ( r ) P1 (η) cosœ + 5 [Ì P2 (η } ·ο2 ( r ) + 
+^, P | '(-/η) c o s 2co ψ2 2 ( r j + 7 [ | , Ρ ] (η) cosco γ . , 3 ( r ) 
+ -¿, Ρ3 (η) c o s 3 ω ^ 3 ( r ) ] + 
+ 9 [-1 Ρ 4 (η) Ψ ο 4 ( r ) + Ι , Ρ | (η) c o s 2 ω ^ ( r ) + 
+ ¿ , ρ4 (η) c o s 4ω ψ 4 4 (r ) ] 11 [ | j Ρ^ (η) cosco ψ ^ ( r ) + 
Ο Ι Q 1 S* 
+ ­g­j Ρ5 ^η^ c o s 3 ω ψ35 ^ + Tö! Ρ5 ^ C O S 5 ω ψ55 ^ Γ ^ 
(1) 
and the expressions for the various moments Ψ ■ in the P5 
r __ mn 
approximation are as follows: 
3 
*oo<r> = ·­ [Bi το<*ίτ) + Ci K- ( Yi r ) l 
. 1=1 
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í f n ( r ) = ^ G1 ( T i ) [B± I 1 ( Y i r ) - C± K1 ( Υ ± Γ ) ] 
Ψ 0 2 ( r ) = Σ - \ G2 ( Y i ) ÍBi I 0 (Y ± r) + C ^ Y - r ) ] + 
+ | {H. i o ( ß j r ) + N j K0 ( P j r ) i 
ψ 2 2 ( r ) = Σ 3 G2 ( Y i ) Í B i I 2 ( Υ ± Γ ) + C iK2 (Y.¡r)] + 
+ 2 Σ [Mj l 2 ( ß^r) + Nj K2 O ^ r ) ] 
* 13 ( r ) = Σ " 2 G3 ( Y Í } ^Bi X1 ( Y i r ) " C i K1 ( Y i r ) * " 
- 5 Σ 1 [ M j I , ( P j r ) - N j Κ, ( P j r ) ] 
J 
φ 33 ( r ) = Σ 15 G3 ( γ ± ) [ B± I3 ( Υ ± Γ ) - C± K3 ( Υ ± Γ ) ] 
- 30 Σ β 1 [Mj I3 ( ß j r ) - N j I 3 ( P j r ) ] 
'04 ( r ) = Σ | G4 ( Y i ) [B± l 0 ( Y i r ) + C± KQ ( γ ± Γ ) ] + 
5 (ß^ - 7) 
+ Σ 1 
j 12 β 
M j l 0 ( ß j r ) + Nj K0 (β j r ) ] + Q I 0 ( o r ) + R KQ0>r) 
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Y 24 ( r ) = i ~ l 1 G 4 ( Y i } [ B i I 2 ( Y i r ) + C i K 2 ( Y i r ) ? -
5 ( β ? - 7) 
- Σ. 2 lKj τ2 ( R j r ) + Nj V ' 3 j r ) ] + 12ÍQ Ι 2 ( o r ) + 
+ R Κ2 ( « r ) j 
'4 4 ( r ) = Í 1 0 5 G4 ^ i > l B i Χ4 <Yir> + C i Κ4 ^ i r ^ -
Σ 7 0 ( β , 1 * 7 ) 
ï β? [Mj Ι 4 (6 r ) + Ν r ( p r ) ] + 24 [Q Ι (υ r ) + J 4 ­ j 4 
+ R ÎC. ( o r ) ] 
15 y i 5 ( r ) = Σ -2 ^ ( γ . ) f B . ^ ^ _ c . ^ ( γ _ ρ ) ] 
35 ( β ; - 7) _ Σ J 
j 44 β. [Mj ^ ( β j r ) - Nj K7 ( ß j r ) ] - i [Q i i ( u r ) 
- R r i ( u r ) ] 
ψ35 ( r ) 105 l - 2 G5 ( Y i } [ B i V Y i r ) - Ci K3 < V ^ 
+ j^TT ß%j 7 ! * j I 3 ( ß j r ) - N j K 3 ( ß j r ) } - - 1 2 4 [ Q l 3 ( u r ) - R ^ r ) ] 
­ 8 ­
* 5 5 ( r ) = Σ 945 G5 ( Y i ) Í B i I 5 ( Υ ± Γ ) - C± K5 (Y±r)] + 
, , * 0 (ß i - 7 ) . , _ J_080 
+ Σ ^ p - J - [ M j l 5 ( ß j r ) - N j K 5 ( ß j r ) ] υ {Q Ι ^ υ η ) -
- R Κ 5 (υτ) ] (2a) 
where 
G = 0 
G 1 = 





α = 1 ­ c 
c = N° of secondaries per collision 
G + η G J (2b) η + 1 ί γ η η-1 
and γ , γ γ are the positive roots of 
25γ6 - 21 (14 + 11α) Y 4 + 35 (11 + 34α) γ 2 - 1155α- = 0 
(see appendix 2) 
β and β are the positive roots of 
β 4 - 18 β2 + 33 = 0 
and υ = V T T ( 2c ) 
We can consider the flux as a vector whose components are given 
by the moments i so that at a point r in a given region i, J 'inn Γ α a 
it may be represented by 
ir? = AT C. + S. (3) 
"l 1 — 1 — 1 v ' 
A. is a (12 χ 12) matrix of modified Bessel functions whose 
arguments are function of the region number i and position r. 
S_^  is the source vector &s the source is supposed to be iso­
tropic all the components are zero but the first one) . 
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C. is the vector of the 12 integration constants [B , C , 
Bp, Q, R] to be determined from the boundary conditions 
imposed. 
If υ is the number of regions and the boundaries are r , 
r?, r , the interface conditions of continuity will 
lead to the following set of (n - 1) equations: 
r r 
V £·, + s1 = Α2Ί ç2 + s2 
r2 r2 
A2 ­2 + ­2 ­ A3 ­3 + ­3 
r r 
A η„ Ί C „S , = A n 1 C + S n-1 —n-1 —n-1 η —η —η 
ri -1 by defining B. = (A. ) we obtain the recurrent formula 
C. „ = B.(A. C. + S- - S. J (4) 
—1+1 lv 1 —1 —1 — 1 + V v ' 
which propagates the coefficients C. outwards, region by re­
gion . 
The coefficients C. are found by applying the boundary con­
ditions of finiteness of the flux in the centre (the coeffi­
cients associated with the Κ functions must be zero) and the 
chosen boundary conditions at the last region. If the last re­
gion is infinite, in C the coefficients associated with the 
Ό —TL 
I functions must vanish. 
If the last boundary is a reflective boundary the components 
ψ11 ' ψ13 ' ψ33 ' *15 ' ψ35 ' ψ55 m U S t v a n i s h ^ 2^ I n t h i s l a t" 
ter case the condition will not be applied to C but to 
(A rj C + S ) . η —η — rv' 
In both cases we start from the centre with a starter 
C (12 χ 1) with 6 zero components and we must determine the 
other 6 in such a way that the (12 χ 1) response R that we 
get after propagation has zeros in 6 defined positions. 
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The response R will be the sum of a homogeneous response 
R * (that we would get with all _S. = 0) and an effect b of 
the sources (that we can get by propagating a C of all zeros) 
R = R* + b 
If we propagate a matrix C of 6 independent starters (each 
satisfying to the centre boundary condition) as for example: 











































































We get an homogeneous response R*. 
If ó is a (6 χ 1) vector we will have that 
C φ — > R*¿ + b 
We need to find φ such that R*¿_ + b satisfies the outer boun­
dary condition, and C φ will be the starter C_ that solves our 
problem. 
Because of loss of accuracy it is necessary to tighten up 
the process of obtainment of R*. 
To do so we select from R* (which is a 12 χ 6 matrix) the 
six rows which are of interest for imposing the boundary con­
ditions (i.e. the rows corresponding to the coefficients of the 
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I functions in case of infinite medium, or the rows correspon­
ding to the 6 components of the flux which must vanish in the 
case of reflective boundary conditions). 
Let us call Q this 6x6 matrix. If we propagate as a new 
/ — 1 
starter C the product C Q we will obtain a new R*, out 
of which we can select a new Q . This new Q should be a unit 
matrix if there would be no loss of accuracy in the process. 
If Q is not near enough to a unit matrix the loop is conti-. / —1 . nued repropagatmg C Q until a good enough unit matrix is 
obtained. 
At the end we obtain a starter which gives a response R* 
which is a unit matrix on the rows of interest for the boun­
dary conditions. 
At this point the vector ώ_ is easily determined because 
R*é will be a (12 χ 1) vector having the components of ώ_ on 
the positions of interest for the boundary conditions. 
Because we want the 12 χ 1 vector R* ψ + b to have zeros 
on those positions, the components of _<£ will be equal and 
of opposite sign of the components of b corresponding to 
those positions. 
For example in the case of infinite medium, calling φ , 
ér ,φ¿. the components of ¿ we have 
R* 
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= ­ b 
­ b. 
= ­ b, 
= ­ br 
= ­ b 1 1 
At this point the programme can calculate the coefficients 
_C. in every region. If we call C? the (l2x6) matrices that we 
got as intermediate results while calculating R*, and b. the 
corresponding intermediate results obtained while calculating 
b, we have: 
C. = C *. φ + b. —ι ι ■£­ —ι 
The flux is then calculated in the requested points. 
The output also contains the mean flux in every region and 
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A p p e n d i x 1 
The a i r -gap condi t ion 
The equations connecting the var ious moments across the 
a i r gap are as fol lows: 
a i „ (a) = c ^ (c) ( 5 . 1 ) 
a * 1 3 (a) = c * 1 3 (c) ( 5 . 2 ) 
a3 [ + 3 
a-' / l 5 (a) = c ψ15 (c) ( 5 . 3 ) 
3 ( a ) - 12Ψ1Ί(3.) + 2 t l 3 ( a ) | = c 3 U 3 3 ( c ) - ΐ 2 ψ ^ ( ο ) + 
+ 2ψ ι 3 ( ο ) ] ( 5 .4 ) 
a 3 [ * 3 5 ( a ) - I 2 , n ( a ) - 2 8 ^ l 3 ( a ) + I 2 ^ 5 ( a ) ] = c 3 i * 3 5 ( c ) -
- ΐ 2 ψ η ( ο ) - 2 8 ψ ι 3 ( ο ) + 1 2 ^ 1 5 ( C ) ] (5 .5 ) 
a 5 U 5 5 ( a ) + ΐ296ψ 1 1 (Ε) - 3 3 6 t l 3 ( a ) + 4 8 * 1 5 ( a ) - Ι 6 8 Ψ 3 3 ( Ε ) + 
+ 6ì!r35(a)] = ο 3 [ Ψ 5 5 ( ο ) + I 2 9 6 t n ( c ) ­ 336ψ ι 3 ( ο ) + 4 8 ψ ι 5 ( ο ) 
­ i 6 8 ­ 3 3 ( c ) + 6Ψ3 5 (ο) ] ( 5 .6 ) 
2 f s + 2 4 ( a ) + 234 Ï Ï *44 ( a ) = ; : ' ­ ;jf ¡/ï.^ .α/ι - ■ 
_ _2Lilf (r) + ­ [ s i n ­ 1 ­ + ­ W 1 ­ — ]ψ (c) + — ■* (c) ­4 O 0 ^ c ;  a t s i n c + c U 1 2 ^ 1 1 ^ c ; + 3 2 ' 0 2 ^ ; 
2 2 3/2 
_ ±5.2? ( Ί - - —) ψ fe) + — f 1 - — ) -.'r (c ) + — ^ Ψ (c) -64 { 3 2 ; V 22^ ; 45 U ~ 2 ; '33V ; 256 ' 04 ^ ; 
c 2 2 4 
- a l l <1 - ! ^ ) · ' ' 2 4 ( = ) - 2Ü4ÏÏ <15 - 40 fs + 24 ;4>WC ' + 
+ Tïïfe i 1 - ^ 3 / 2 " ' 3 5 < C > + 4¿üo t 1 - ^ ) 3 / 2 i 1 " f ^ > * 5 5 < C > 
( 5 . 7 ) 
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­ » W « ) ­ tifò *24<*> ­ 3 W *44<a> ­ ­ H W<=> ­
­ 48|s*„,(c) ♦ 4S d ­ | V.!.22CO + ! fsir; 1 a 128 '02 256 3 2 / v 2 2 — + c 
2 3 /2 
+ 
2 τ a 2
| W 1 ­ ^ ] Ψ|3(<0 ­ T5 ( 1 " ^ ψ 3 3 ^ ; r" 4C96 '04 ' 
/ r i , 207 9* ψ ( χ 
3 c 2 ; '24 
2 3/2 
| ΐ | | ( 1 - | ^ ) * 2 4 (= ) + 3 W ( 1 5 - 4 0 S + 2 4 7 ) * 4 4 ( C ) + 
2 3/2 a 2 
( 1 - S j ) O - § ^ ) * 5 5 ( c ) -. ^ d -Η>Γ +35(c) -"¿¿o c 
(5 .8 ) 
42255*. ­ 4ÍS W»> ­ β V<=> + rig W»> ­ WWW* * 
♦ U f a *24<*> + ïB§feWa> + l * 1 5 ( a ) » ­ ^ ° 0 < C > ­
♦ » t 1 ­ Ι * * > ♦ * < = > ­ 2¿T44 (15 ­ 40 ^ + 24 ^ H 4 4 ( c ) + 3 c 2 ' '24 c 
2 3/2 
+ § i s i n " 1 § ♦ f l / i ­ ^ S * 1 5 ( c ) ­ ¿g (1 ­ h ) * 3 5 < c ' + 
+ ^ _ d ­ 4 3 / 2 (1 ­ ^ 4 % 5 ( C ) + 2520 v n2' 3 c 2 55 
(5 .9 ) 
405π ψ Wa> - ^ V » ' ~W^*) ♦ 1 *33<=> + m W»> + 
+ 2 Ô 4 Ï Ï ^ 2 4 t a j 
6 7 g ψ ( a ) = l 2 . + n n ( c ) + 12 f (1 ­ ^ ) 16384 Ψ 44 ν y 16 00v a a ¿ 
[s in­1 | ­ | l / l ­ 4 î + 1 i ( c ) " I f V <c> + 
16 -
+ 
2 2 I 2 
375π /1 14 a χ. / χ 0 C/., c \ r . ­ 1 a a , / , a , , , ­, ( 3 ­ 1 3 7 2 ^ r 2 2 ( c ) ­ 2 ? ( 1 " " Τ H s i n c ­ Η 1 " ~2 ^ 1 3 ( c ) 
c a l e 
128 
3 
- - 7 s i r . 
a~ 
405π 
­ 1 a a i a , 4 a 2 10 a \ i , , , 





(c) 225π r 1 _ J± *~-\ . r M 







.4 1 1 (35 ­ 392 ^ + 312 ^ ) ψ 4 4 ( c ) ­ g , , 
2 
"2 
d ­ ^ ) 2 
2 
~2' 
( 1 ­ 1 7 V 1 6 ^4 } Ψ55^) C c ( 5 . 1 0 ) 




ir f = i i .''//­­ i /­ .ι. /.,χ L2_/ ? , / „ χ 8 2 2 1 5 * , / \ 
* 0 0 ( a ) + 1024 ψ 0 2 ( & ) 2Ô4ÏÏ * 2 2 ( a ) S W * n . ( a ) ~ 
* 2 4 ( a ) + 
8192 v 0 4 
945* ψ f a ) + ­ Ψ f a i ­ Ί05% * f c ì + 32768 44^ ; ­2 35^ ' ~~ Ä/1 ^ r A w  64 ' 00 
+ 12 § (1 ­ £-=) { s i n ' 
a a 2 ii­fyrr¡5VC) + iz 577 5π 024 02 W O + 
1 7 5TÎ 
2048 
2 
2' ; ^ ^ ­ (5 ­ 14 ^ ) * 2 2 ( c ) + 28 | ( 1 ­ SI) [ s i n "
1 a ,2 
"2' c 
­ I l ι a 2 ? . f~i 822157t , / χ 2289* / c .,„ a 2 ^ , ν 
­ c V1~ ^ U l 3 ( c ) * 8192 W c ) + ­8T92 ( 5 " 1 4 ^ 2 H 2 4 ( c ) " 
2 2l7t .4 5 5 5 ^ (35 ­ 3 9 0 ^ 2 + 312 ^ ) + ( c ) ­ 1 2 f ( l ­ ^ ) [ s i n ' ­ ­
c c a 
. ­ 1 a 
c 
,4 
+ -rL· ( 1 ­ ^ ) 2 ( 1 ­ 1 7 ­ ^ 2 + 1 6 ¿ j ) * ( c ) ( 5 . I l ) 
C c c 135 
9457t., 
32 
ν r a i + 23625*. . , χ 3 937 5π. /_x 7 6545* , , a χ 14175*, , W ^ + 512 W a ) + ­ T Õ 2 4 ~ ' ; 2 2 ( a ) ­ 4096 W a ) _ 4096 '2 4 
^ ­32Τ1 Ψ 44^ ) + | * 5 5 ( a ) = i f f ^ 0 0 ( c ) + 648 ¿ [ ( 2 ­3^ + 
­ 17 ­
+ 4> sin­1 t ­ f Cl ­ 4 a ( 2 ­ ! 4 ­ 4 4 ) î * 1 l ' c ' + 
c u c J c c 
+ iffP+02<c> " T Í ? <21 ­ 4 6 4 H 2 2 ( C ) ­ 168 ¿\{2 ­
c a 
­3 S+ í} sin_1 c ­1 e ­ 4 ^ 2 ­ i S ­ 7 í } ki3(c) ­
­ 56 4 [3 d ­ 4 ) s i n~ 11 ­ 1 (τ ­ 4 ^ (3 ­ 4 ­ ^ K · ^ ) " 
_ 7 6545* lIr / χ 567* ( 2 1 _ 4 6 a__H , v_ 567* , af 6 6 ,Α 
4096 04^ ; 4096 K¿i 4 D 2 Μ 2 4 ^ ; 327 6 8 ^ b J 5 5 ¿ 2 + b b 4 4% 
c . c c 
+ 24^5 ί(2-3^_ + a_) s i n - 1 f - | ( 1 - ^ ) ( 2- | ^ - j 4 ) J ψ15 ( θ ) + 
3. C C C C C 
+ 2 ¡ ¿ f 3 ( 1 ­ ^ ) s i n " 1 f ­ l ^ i ­ à ! ' (3­ à ! ­ 2 â ! ) i ^ 5 ( c ) + 
c 5 r · ­ 1 a a . / , a 2 , , 2 a 2 2 a 4 86 a 6 128 a8 N Î , , Λ + "¡5 ^Sin Έ-Έψ-^2 ( 1+ 3 ^ + T57 + T 5 ^ - — ^ ^ 5 5 ^ 
(5 .12) 
where a and c are the inner and outer radii of the air gap. 
Those equations can be represented by the matrix equation: 
X(A.J „ C. „ + S. J =Y(A.J, C. „ + S. „) (6) 
v .1-1 -.1-1 -.1-1' .1+1 -.1 + 1 -.1 + 1 ; v ; 
where the region j is considered to be the air gap. It is conve­
nient to include the air gap conditions in the chain (4) as part 
of the propagation [Ref. 1]. For this purpose we must find ficti­
tious A- , A.J , _S . such that the relation 
J «J «J 
>jj 2j ♦ ij ­ Ají, ­j+1 . ^ j + 1 
is equivalent to the (6). For that we 'need; 
r . r ■ 
S . m 0 A.J'~1 = X~1 A.J = Y~1 ­J J J 
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A p p e n d i x 2 
Numerical calculations of the G(y) functions 
The formulae given for the G(γ) functions are not suita­
ble for numerical calculations, because, for very small va-2 lues of α , γ ss 3α , and as it can easily be seen, m the o equation (2b) the term 3α - γ appears. 
From the bicubic we can get 
(3a - γ2) = - ^ [ 25 γ6 - 21 ( 14 + 11a) γ4 + 1 190 αγ2 ] 
Having made this substitution we get: 
, χ α 
G, (r) = -rr Y 
( ,Λ - η G ( γ ) = 0 .0324675324 γ 4 - 0 .381818182 γ 2 - 0 . 3 γ 2 α + 1.54545454c 
G3 ( γ ) = - 0 .041322314 γ 5 + 0 . 3 8 1 8 1 8 1 8 2 αγ 3 +0 .431837856 τ 3 - 1 . 4 6 6 9 4 2 1 [ 
G4 ( γ ) = 0 .03047744 γ 6 - 0 . 3 10451 34 γ 4 - 0 . 28 1 61 1 56 αγ 4+1 .007 54441 2 α Τ : 
G s ( γ ) - - 0 . 0 1 3 8 5 3 3 8 4 7 γ 7 + 0 . 1411142654 γ 5 + 0 . 1 2 8 0 0 5 2 7 6 αγ 5 - 0 .457 9748( 
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Accuracy on γ coefficients 
Accuracy on unit matrix 
N° of iterations in 12x12 matrix 
version 
N° of iterations in 6x6 matrix in 
sion 
= 0 macroscopic input 
= Ν microscopic input with a libr 
of Ν materials 
If IMP = Ν then Ν card 2 are needed 
2 E 12.5 TRANSP(l) Microscopic transport cross secti 
material I 
E 12.5 ABS(l) Microscopic absorption cross sect 
material I 
A 12 TITLE(l) Name of material I 
3 I 12 NREGS N° of regions ($10) 
I 12 NX = 0 no effect 
= 1 print intermediate data (nor­
mally not necessary) 
If IMP> 0 then cards 4 and 5 are needed for each region 
4 E 12.5 RAD(IN) Outer radius region IN 
E 12.5 S0URCE(IN)Source (neutrons/unit volume) re­
gion IN 
E 12.5 AMAT N° of materials in region IN 
E 12.5 APRIN(IN) N° of intermediate print-out poin 
region IN 









Material N° (given by the ordei 
in which the material appears i 
card 2) 
Concentration E 12.5 CONC 














Outer radius region I 
Mean free path region I (negati 
means air gap) 
Source (neutrons/unit volume) ι 
gion I 
N° absorptions/collision region 
N° of intermediate print-out pi 
region I 
= 0 infinite medium 
= 1 reflective boundary. 
21 
¡>5MAIN Appendix 4 Code listing 
EPS1 ACCURACY ON GAMMA COEFFICIENTS EPS2 ACCURACY ON UNIT MATRIX 
NINV1 MO. OF ITERATIONS IM 12*12 MATRIX INVERSION NINV2 NO. OF ITERATIONS IN 6*6 MATRIX INVERSION NRECS .NO. OF REGIONS 
NX =0 NO EFFECT, =1 PRINT INTERMEDIATE CATA RAD(IN) OUTER RADIUS REGION IN FMP(IN) MEAN FREE PATH REGION IN A NEGATIVE MEAN FREE PATH MEANS AIR GAP 
SOURCE! IN) SOURCE (NEUTRONS/UNIT VOLUME) REGION IN ALPHA(IN) NO. ABSORPTIONS/COLLISION RESION IN AMASS(IN) ATOMIC WEIGHT OF SCATTFRER REGION IN(NOT USED NOW) APRIMI IM) NUMBER OF INTERMEDIATE PRINT OUT POINTS REGION IN IMP =0 MACROSCOPIC INPUT =N MICROSCOPIC INPUT WITH A LIBRARY OF N MATERIALS TRANSP(I) MICROSCOPIC LIBRARY SIGMA TP.ANSP. MATERIAL I ABS(I) MICROSCOPIC LIBRARY SIGMA ABSORPTION MAT. I TITLE! I) MICROSCOPIC LIBRARY NAME MATERIAL I CONC CONCENTRATION AMAT NO. OF MATERIALS REGION IN . NMAT MATERIAL NUMBER (IN LIBRARY) 
DIMENSION AC 12, 12, 10), 8(12,12,10), U( 12,6,10), 
1 VANII?., 12), U K 12,6), RESP(12,12), V ( 1 2 , V ) , 
2 RV(6), VI (12), S(12,10), C(12,10), 3 RAC( 10) ,FMP( 10) , SOURCE! 10) , ALPHA ( 10) »AMASSI 10) , APR IN! 1 '' ) DIMENSION Z( 12, 12),ZH 12,12) DIMENSION Y(1),RADM(1) DIMENSION EPS1 ( 1) ,EPS2( 1) DIMENSION TRANS Ρ(50),ABS(50),Τ Ι TLE(5C ) COWON Λ,Β,U,VAN,U 1 ,R ESP,V,RV,V 1,S,C,RAD,FMP,SOURCE,ALPHA,AMASS,Α IRIN,IR,Ι RR,IN,IQ,N5,N6 CO W O N Ζ , Ζ 1 , Υ, RADM , NREGS COWQN NX COWON EPS1 ,EPS2,NINV1 , NINV2 1 FORMAT (6Ε12.5) 
2 FORΝΑΤ (6 112) 
l» F0RMAK2E12.5,3112) 3:'Τ'1 FORNAT (2Ε 12. 5, Λ 1 2 ) 
3002 F0RMAT( ÍHI ,36Χ,20Η MICROSCOPIC LI BRARY/////33X, 1 Otl TR AN SPORT, 1 1 Χ, 
11H ABSORPTION, 1 IX,5H NAME///) 5u03 FORM Α Τ ( E k U . 5 , E 2 1. 5 , A1 7 ) 
ÍOOU FORMATI120H1 REGION OUTER RADIUS SOURCE NO. MATE 
H A L S NAMF CONCENTRATION NO. ABS/COLL MEAN FREE PATH 
30Π5 FORMA T (HE 12.5) 
3006 FORMAT! Ι Β , E 1 8. 5 , 2E 1 6. 5 ) 
3007 FORMAT ( I 1 2 , E 1 2 . 5 ) 
3008 FORMAT (Λ7 1 , E 1 6 . 5) 
300O FORMAT ( E 1 0 3 . 5 , E 1 5 . 5 ) 
TAPE DESIGNATION 
N5 = 5 
22 
Ρ5ΜΛΙΝ 
N6 = 6 
C 
READ INPUT TAPE NS,k,EPS 1 ,EPS2,N I NV 1,NlNV2,I MP 
IF( IMP) 990,099,GOGO 
8Π0Ρ READ INPUT TAPE N5,8001,!TRAMSP(I),ABS( I),Τ ITLE( I),1= 1 ,I MP) 
WRITE OUTPUT TAPE N6,8"02 
WRITE OUTPUT TAPE N6,8003,(TRANSPl I ) ,ABS( I ),TITLE(I), 1 = 1 , I MP) 
999 READ INPUT TAPE N5,2,NREGS,NX 
IF(IMP) 8060,80 60,80 51 
8Ü51 WRITE OUTPUT TAPE N6,80üU 
DO Ρ101 IN=1,NREGS 
READ INPUT TAPE N5,8005,RAD( IN),SOURCE( IN),AMAT,APR IN(I Ν) 
WRITE OUTPUT TAPE N6,8006,IN,RAD(IN),SOURCE(IN),AMAT MAT = AMAT + C01 SIGT=0.0 SIGA=C.O DO 8100 1=1,MAT READ INPUT TAPE N5 , 8>^ 07 , NMAT , CONC WRITE OUTPUT TAPE N6 , 80u8 , Τ I TLE ( NMAT ) ,­CONC SIGT=SIGT+CONC*TRANSP(NMAT) 
8100 SIGA=SIGA+CONC*ABS(NMAT) 
ALPHAtIN)=SIGA/SIGT 
FMP(I Ν) = 1.0/SI GT 
WRITE OUTPUT TAPE N6,8009,ALPHA( IN ),FMP( IN ) 8101 CONTINUE GO TO 8052 806P READ INPUT TAPE N5,1,(RAD(I),FMP(I),SOURCE(I),ALPHA(I),AMASS(I 1 APRINd ) ,1 = 1,NREGS) WRITE OUTPUT TAPE N6,3,NREGS 3 FORMATI1H1,15,9H REGIONS //) WRITE OUTPUT TAPE N6,5003,(I,RAD( I ) ,FMP( I ),SOURCE(I),ALPHA(I), 1 NREGS) 5003 F0RMAT(////18X,ICH REGION = I3/,12X,16H OUTER RADIUS = E12.5/ 
1 10X.18H MEAN FREE PATH = E 1 ?.. 5/, 1 8X, 1 OH SOURCE = E 12. 5/ 
2 28H NO.ABSORPTIONS/COLLISION = E12.5/) 
C 
C INFINITE MEDIUM IQ = 0 
C REFLECTIVE BOUNDARY IQ=1 
C 
8052 READ INPUT TAPE N5,2,IQ 
DO 20 1=1 ,NREGS 
IF(ALPHA(D­0.00C01)21,20,20 
D 21 ALPHAI I)=0.00001 
WRITE OUTPUT TAPE N6,22,I 
22 FORMAT (8H0REGI0N 15,19H IS PURE SCATTERER //) 
20 CONTINUE 
NR=NREGS­1 
DO 150 INN=1,NR 
IN=INN 
C 





















DO 2 3 1 = 1 , 1 2 
DO 23 J = l , 1 2 
A( I , J , I N ) = Z ( I , J ) 
TEST ON AIR GAP 
IF(FMP(IM+1))65;^,65ρ0,6500 CALL AIRGAP GO TO 150 CONTINUE 
RADM=RAD( IN)/FMP!IN+1) 
Y=ALPHA(IN+1) CALL MATRIX CALL SIMH!Z,Z1,12.NINV1) DO 2k 1=1 , 12 DO 2k J=1 ,12 B( I , J,IN)=Z1(I,J) CONTINUE 
DIRECT MATRICES ARE STORED IN All,J,IN) FOR EACH RADIUS IN 
INVERTED MATRICES ARE STORED IN B(I,J,IN) FOR EACH RADIUS IN 
IF! IQ) 10 1,50,10 1 
RADM=RAD(NREGS)/FMP(NREGS) 
Y=ALPHA(NREGS) CALL MATRIX DO 25 1 = 1 ,12 DO 25 J=l ,12 Al I ,J,NRF.CS)=Z( I, J ) DO 100 1 = 1, NREGS S(1 , I )=SOURCE( I)»FMP!I)/ALPHA!I) DO 100 J=2,12 S(J,I )=0.0 
NOW ALL MATRICES ARE PREPARED PREPARE FIRST STARTER 
IN=1 DO 50 0 1=1,6 DO 500 J=l,12 U( I , J, IN)=0.0 J = 0 DO 50 1 1=1,11,2 J = J+1 
U I I , J , IΝ ) = 1 . 0 
PROPAGATION OF STARTER 
NITER=0 
DO 1^00 IN=2,NREGS 
MATRIX MULTIPLICATION A*U=Ul 
DO 502 1=1,12 DO 502 J=l,6 
24 
Ρ5MA IN 
U 1 ( I , J ) = ■" . Γ 
DO 5·Λ·2 I S = 1 , 12 
50? U I ( I , J ) = U 1 ( I , J ) + A ( l , I S , I N ­ 1 ) * U ( I S , J , I N ­ 1 ) 
MATRIX MULTIPLICATION ' B*U1=U 
DO 503 1=1,12 DO 503 J=l,6 Ul I ,J, IN) =u.0 DO 50 3 IS=1,12 50* U( I ,J,IN)=U(I,J,IN) + B( I , IS, IN­ 1 )»Ul ( IS,J ) 100:1 CONTINUE 
TF( IQ)50 4,5P5,5n4 
MATRIX MULT I PL 1 CAT ICN A*U = Ul 
504 DO 506 1=1,1 









Π 02 UDÌ 
405 
Ui(I,J) DO 5Λ6 IS= 1 , 12 Ul ( I,J)=U1(I,J)+A( I , IS,NREGS)*U(IS,J,NREGS) 
N=l 1 = 1 DO 510 Κ=1,3 
I = I + Κ 
DO 510 KK=1,K 
DO 5"!7 J =1,6 
VANÍM,J)=U1(I,J) 
N = M+1 
1 = 1 + 1 
GO TO 400 
N=l 
1 = 1 
DO 508 K=l,6 
DO 509 J=l,6 
VAN(N,J)=U(I,J,NREGS) 
N = N+1 
1 = 1+2 
VANII»J) IS A 6*6 MATRIX OBTAINED SELECTING FROM THE RESPONSE 6 ROWS OF INTEREST FOR THE OUTER BOUNDARY CONDITIONS 
CHECK IF VAN{I,J) IS UNIT MATRIX DO 4 01 1=1,6 DO 40 1 J=1,6 
IF( I­J)402,403,402 RESP(I,J)=VAN(I,J)­1.0 GO TO 401 RESP( I,J)=VAN(I,J) 







2 O 00 
S O 00 
2001 


























I F ( N X ) 5 f 0 2 , 5 - 0 2 , 5 0 0 1 
CONTINUE 
DO 5 Γ ·00 K K = 1 , NREGS WRITE OUTPUT TAPE N6,20.>3, FORMAT! 1 HO//,17H U MATH IX WRITE OUTPUT TAPE Ν6.20ΌΟ, FORMAT(6E20.5) 




( ( U ! I , J 
5//) 
KK) , J; 1,6 1=1,1?) 
c ..■ '.< 'J , 2­04, 
5//) 
,200 2 
( I VANI RMAX I , J ) , J = 1 , 6 ) , I = 1 , 6 ) 
N I T E R = N I T E R + 1 IF!RMAX­EPS2)409,4Í'9,407 I F Ι Ν I TER­1C)4C 8,4C 8,409 CALL S Ι ΜΗ(VAN,RESP,6,Ν Ι NV: 
MULTIPLICATION OF REPETITION OF THE OLD STARTER CYCLE BY THE INVERTED VANU,J) AND 
DO DO 1=1,12 J=l,6 
450 4 50 Ul(I,J)=C.O DO 4 50 IS=1,6 Ul(I,J)=Ul(I,J DO 45 1 1=1,12 DO 451 J=l,6 
U ( I , J , 1 ) = U 1 ( I , GO TO 100 1 
)+U( I, IS, 1 )*RE5P(IS,J ) 
J) 
WRITE OUTPUT TAPE N6,410,N I TER,RMAX,EPS2 F0RMAT(////49H1 MAXIMUM OFF­DIAGONAL­ TERM OF UNIT MATRIX AFTER 1 13H ITERATIONS RMAX = E12.5,10H WHILE EPS2 = E12.5///) 
PROPAGATION OF A ZERO STARTER TO GET THE EFFECT OF THE SOURCES 
DO 55 0 1=1,12 V(I,1)=0.0 DO 1010 IN=2,NREGS DO 55 1 1=1,12 






DO VI ! 






56 0 IS=1,12 







0 TO 556 


















DO 6"Λ IM=1,NREGS DO 65 0 1=1,12 
C ( Ι , Ι Ν ) = 0 . υ 
DO 65 0 IS=1,6 
C ( I , I N ) = C ( I , I N ) + U ( I, IS, IN)*RV( IS) 
DO 65 1 1=1,1? 
C(I ,IN)=C(I,IN)+V( I,IN) 
CONTINUE 
IF(10) 7000,7001,7000 
WRITE OUTPUT TAPE N6,7002 
F0RMAT(21H1 CONTROL ON ACCURACY /34H COEFFICIENTS IN THE LAST 
H O N /47H THE COEFFICIENTS MARKED WITH * SHOULD VANISH //) 
WRITE OUTPUT TAPE N6,7003, (C( I,NREGS), I = 1, 12) 
FORNATI El 3.5,2H */E13.5) 
CONTINUE 
IF( 10)652,653,652 
653 DO 654 1=1,12,2 
654 C(I,NREGS)=0.0 652 CONTINUE 
WRITE OUTPUT TAPE N6,3000, (RV( I ), I = 1 ,6 ) 300r' F0RMATÍ42H EFFECT OF THE SOURCES ON A ZERO STARTER //6E20.5// WRITE OUTPUT TAPE N6,3­'01 
3001 F0RMAT131H0 COEFFICIENTS FOR EACH REGION //) 
IF(NREGS­6)3002,3002,3003 
3002 DO 3006 1=1,12 
3006 WRITE OUTPUT TA^E N6,2000,(C(I,IN),IN=1,NREGS) 
GO TO 3004 3003 WRITE OUTPUT TAPE N6,2000,((C ! I,IN),IN=1,6),I = 1,12) J=NREGS­6 DO 3005 1=1,12 3005 WRITE OUTPUT TAPE N6,2000,(C(I,IN),IN=1,J) 
P5MAIN 
3004 CONTINUE 




D I MEN 
1 VAM 
2 RV (6 
3 R A C ( 
DI M E N 
D I M E N 
DI MEN 
C O N N O 








M A T R I X 
A ( 1 2 , 1 2 , 1 O ) ) , Ul( 12,6), VK 12) , MP(IO) ,SOURCE( 1 
Ζ { 1 2 , 1 2 ) , Ζ 1 ( 1 2, 
Υ(1),RAüM(1) 











, 8(12,12,10), U(12,6,10), 
RESP(12,12), V(12,10), 
S ( 1 2, 1 0 ) , C ( 1 2 , 10 ) , 




DIMENSION G 1 (3 ) ,G2(3).G3(3),G4(3),G5(3),Τ(4) 
DIMENSION ARG!6) ,BS I' · (6),BS I 1(6),BSK0(6),riSK 1(6),BSK2(6),BSK3(6) 
■¡SK4I6) ,BSK5(6) ,BSI2(6) , OSI 3(6) ,BSI4(6) ,BSI5(6) 
DIMENSION AA( 1 ),BB( 1 ) ,CC(1 ),D( 1 ),E( 1 ) ,F(1),G( 1),Η( 1 ),W( 1) ,Χ( 1 ) , 
1 SS( 1 ),UU(1),Ρ2(1),Ρ3( 1) 









































CULATICN OF GAMMA COEFFICIENTS 
ER=0 
) = 1. 0 
) = 0.0 
) = ) = 
TI 















­D ) = ) = 
50 
Τ! ) = 
U* 
1.L' 









4 + 4 

















+ 1 ,3,5 )2,2 Τ ΤΑ CON Τ ΤΑ D = 6­9. 




VERGENCE NOT ACHIEVED AFTER 50 ITERATIONS 
PE N6,53,D,EPSl 
E12.5 ,12H WHILE EPS1= E12.5//) 
24*Y 











F = E*T 
H = UU* 
AA = -Y 
Β 8 = 0. CC=-0 W = 0.O 
x=-o. 
IH 
G 1 ( I ) G2( I) G3( I ) G4( I ) G5II ) CONTI 
I I) 
T( I ) 
/T( I ) 0 324 675 324*E-0.33ial3182*UU-0.3*UU*Y+l.54545 454*Y .04 1322314*F + 0.301313182*Y*H + 0.43 1337856*H-1 . 4 6 6 94 2 1 4 0* Y*" 304 7744*E*UU-C.31145134*E-u.2816 Π56*Y*E+1.00754441 ?*Y*UU 0138533847*E*H+O.14 11142654*F+C.12800527632*Υ*Γ-0.4579743« 
= AA = BB = CC 
= W 
=x 





B S I 0 ( 
BSI1 ( 
BSKOt BSKK 8SK2( BSK3( BSK4( BSK5( AA = 0. BB = 0. SS=15 DO 30 CC = 2. BB = AA AA = CC 
ss=ss 
P2 = AA 
P3 = BB 
DO 31 
CC = 2. 
BB = AA 
AA = CC 
SS = SS 
CC = 4. 







1 ) = BI0F(ARG( I) ) 
I)=BI1F(ARG(I) ) 
I) = BKCF(ARG(I ) ) 
I) = BK1F(ARG( I ) ) 
I)=BSKO(I)+2.0*8SKl(I)/ARG 
I ) = BSK1(I )+4. ?>»BSK2(I)/ARG 
I)=BSK2(I)+6.0*BSK3(I)/ARG 
I)=BSK3(I)+C.0*BSK4(I)/ARG j 1 * B S 1 0 ( I ) 0 .0 J=l ,1 1 0 * S S * A A / A R G ( I ) + B B 
-1.0 
J=l ,2 0*S S * A A / A R G ( I )+BB 
( I ) ( I ) ( I ) ( I ) 
- 1 . 0 
0*AA/ARG(I)+BB 


























D D D 
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( I 1 
( 1 1 
( 1 
( 1 
( 1 1 
í 1 , 
( 1 
í ? 
( 2 1 
( 2 , 
ƒ Ό 
í ^ 








( 3 , 
( 3 
( 3 
( U , 
( h \ Μ ι ( 4 
( 4 
( L 
( 4 , 
( U 1 
( 4 , 
( 4 , 
( h 1 ( 5 , 
( 5 , 
I 5 , 
( 5 , 
( 5 , 
I 5 ι 
( 5 , 
( 5 , 
I 5 ) 
I 5 , 
( 6 , 
( 6 , 
( 6 , 
( 6 , 
( 6 , 
( 6 , 
( 6 , 
( 6 , 
( 6 , 
( 6 , 











t - \ 










































= 1 , 1 2 








- w I 
: _ Γ 
= 0 1 
= ­ G 
­ _ r 
= BS 
= BS 
= 8 S 
)=B 
_ "7 
­ .> · 
= 3 . 
- 7 
— O 
— ' - 9 
= 2 . 
) = 2 
= ­ 1 
= 1 . 
= ­ 1 
= 1 . 
= ­ 1 
= 1 . 
= ­ 1 
= 1 . 
= ­ 3 
) = 3 
= 1 5 
= ­ 1 
= 1 5 
= ­ 1 
= 15 
= ­ 1 
= ­ 7 
= 7 . 








Κ Γ ( 
Ι 1 ) 





. 5 * 
. 5* 
. 5 * 
. 5 * 
. 5 * 
. 5 * 
10 ( 
Κ.0( 
Ι ϋ ( 
SK0 
0' * G 
0^*0 
'- * G 
C »C 
0 * O 
0*G 
0*B 
0 * B 
0 * B 
. 0 » 
. 5 * 
Q .χ. I-
. 5 * 
5*0 
. 5 * 
5*C 
. 2 5 
252 
. 4 7 
. 4 7 
. 0 * 
5 .0 
. 0 * 
5 0 
. 0 ' * 
5.C 
. 5 1 
5 16 
0 . 8 
























































SI K 1 ) 
B S K 1 I 1 ) 
S I K 2 ) 
BSK1 (2) 
S I 1 ( 3 ) 
B S K 1 I 3 ) 
( 1 ) * B S I 0 I 1 ) 
I 1 )*BSK0( 1 ) 
I 2) »BSI 0( 2) 
(2) *BSK0>( 2) 
( 3 ) * 0 S I 0 ( 3 ) 




2 ) *B 
2)*B 





K 2 ( 5 (D* 
i ) * b 
( 2 ) * 
















3 9 77 
4(1) 
S 12( 1 ) 
SK2( 1 ) 






















































































































τ 3 ,4 ,5) ,6) ,7) ,8) ,°) ,10 ,1 1 12 
ο 
,2)=0.375*G4(1) ,.3)=C.375»G4(2) ,4)=U.375*G4(2) ,5)=0.375*G4(3) ,6)=0.375*G4(3) ,7) =0.233553315 ,8)=0.233553315 ,9)=­0.99112907 , 10) = ­0.9911290 ,1 1) = BSI0(6) , 12)=BSK0(6) , 1 )=­7.5*G4(1)* ?)=­7.5*G4(1)* )=­7.5*04(2)* )=­7.5*04(2)* =­7.5*G4(3)* =­7.5*G4(3)* =­2.80263978 =­2.80 263978 = 1 1.8935439* ) = 1 1.3935439 )=12.0*B5I2( )=12.r*BSK2( )=10 5.0*G4(1) 3)=105.C*G4(2) 4)=1?5.0*G4(2) 5)=105.0*G4(3) =105.0*04(3) =­39.236957* =­39.236957* =166.509685* )=166.509685 )=24.0*BSI4( =105.0*G4(1) )=24.0*BSK4( )=1.875*G5(1 ¿)=­1.875*G5( 3)=1.875*G5(2 4)=­1.875*051 5)=1.875*G5(3 6)=­1.875*G5( 7)=­l.7794919 81=1.77949199 9)=2.72351895 10)=­2.723518 11)=­2.713602 12)=2.7136021 1)=­52.5*G5(1 2)=52.5*G5(1) 3)=­52.5*G5(2 4)=52.5*G5(2) 5)=­52.5*G5(3 6)=52.5*G5(3) 7)=21.3539039 8)=­21.353903 9)=­32.682227 
*BSK0(1) *BSI0(2) *BSK0(2) *BSI0(3) *BSK0(3) * B S IO(4) *BSK0(4) »BS IO 15) 7*BSKC(5) 
3: 
9, 9, 9,6) 9,7) ,3) ,9) ,10 ,11 ,1 ) 
10, 1 IS;" 
ì°o: 
10 io. io. 10 10 10 10 1 1 1 1 1 1 1 1 
η 
11 1 1 1 1 1 1 
BSI21 BSK2( BSI2( 
8SK2( BSI2( BSK2( »8SI2 
*BSK2 BSI2( »BSK? 
6) 6) »BSK4 
* Β S I 4 *BSK4 »BSI4 »BSK4 BSI4( BSK4( BSI4( »BSK4 6) »BSI4 6) )*BSI 1 )*BS )*BSI 2)*BS )*8SI 3)*BS 942*B 42*BS 4*BSI 954*B 1*BSI »BSK1 )*BSI »BSK3 )*BSI »BSK3 )*BSI »BSK3 3*BSI 93*BS 4*BSI 
1 ) 1 ) 2) 2) 3) 3) (4) (4) 5) (5) 
( 1) (2) (2) ( 3) (3) 4) 4) 
5) 
(5) 
( 1 ) 
1(1 ) KU 1 ) 1(2) KK2) 1 (3) KK3) SII(4) KK4) 1(5) SKK 1(6) (6) 3( 1 ) ( 1) 3(2) (2) 3(3) (3) 3(4) K3(4) 3(5) 
5) 
31 
Μ Λ TR IX 
z i n , Z( 11, 
70; O Γ 













Ζ I 1 2 , ZI 12, Ζ (12, ZI 12, ZI 12, 



























B S K 5 
1,12) 
1) = 2) = 3) = 4) = 5) = 6) 7) 8) 9) 10 11 12 
­07.6 =97.68 945.r* ­945.0 9 4.5.0* ­945.C 945.0* ­94 5.0 6 40.61 ­640.6 ­980.4 =980.4 = ­325 
2 22 7 3967 9675 
■0 5 1 1 
*05i 35(2 *G5( G5(3 *G5( 71 17 1711 6682 6682 6 322 >3225 
4*0SK 5*BSI 
* B 5 K 3 
) * B S I 1 )*BS )*BSI 2) *BS )*BSI 
3 ) * B S 81*BS 781*B 34* BS 34*BS 5*BSI *BSK5 
3(5) 3(6) 
(6) 51 1 ) K5( 1 ) 5(2) 
K5(2) 5(3) 
K 5 ( 3 ) 15(4) SK5(4 15(5) K5(5) 5(6) (6) 
)70·Λ NUE 
OUT 
T( 1 1 5//) OUT 
Τ ( 2 1 
, ÎOX OUT T(5E 
OUT T(8H OUT Τ (32 
OUT Τ( 19 
, 1 0 χ 
OUT 
( Ι) , 
Τ(6Ε 
OUT Τ(2Η 2ΗΚ4 OUT 




PUT T HO 
,2HG5 PUT T 12.5) PUT T 
0 RAD PUT τ HO AR PUT Τ HO BE ,2HI4 PUT Τ 
1 = 1,6 12.5) PUT τ Ο 3X, 
, vox, 
PUT τ 1 = 1,6 
APF N6,3007,T(1),T(2),T(3) 
MMA( 1) = E12.5/11H GAMMA I 2)=E12.5/11 Η GAMMA(3) = 
APE N6,30ul 
G COEFFICIENTS // 5X,2HC 1 , 1 OX,2HG2,1 C X, //) 
APE N6,30 00, ( G K I ) ,G2( I),G3( I),G4( I ) ,G5(I 
APE N6,3002,RADM,Y 
M= E12.5,5X,8H ALPHA= E12.5) 
APE N6,3003, (ARG( I ),1 = 1,6) 
CUMENTS OF BESSEL FUNCTIONS // 6E12.5 /// 
APE N6,3004 
SSEL FUNCTIONS / / 5X , 2111 0 , 1 OX , 2H I 1 , 10X , 2H 
I f y ^ H I 5 / ) 
A P E N 6 Î 3 0 0 5 , ( B S I O ! I ) , B S I 1 ( I ) , B S I 2 ( I ) , B S I 3 ( 
) 
211G3, 10X 
) , 1 = 1 ,3 ) 
) 
1 2 , 1 OX, 
I ) , B S I 4 ( 
APE N 6 . 3 0 0 6 2HKC , 1 0 X , 2 H K 1 , 1 0 X , 2 H K 2 , 1 OX, 21 IK3 , 
2 H K 5 / ) APEN6,3° i05 , (BSKO( I ) , BSK 1 ( I ) , BSK2 ( I ) , B SK 3 ( I ) , BSK4 ( 
M= 1 2 
N= 1 2 2C0C FORMAT 2001 
2 
( 6 E 2 G . 5 ) 
: Ί FORMATI Í H I / / ) :<■ 02 FORMATI I H O / / ) 
WRITE OUTPUT TA I F ( N ­ A ) 1 0 , 1 0 , n 10 N1=M 
Π 
PC N6,2001 . . ­6)10,10,1 .. . = M WRITE OUTPUT TAPE N6,2 OOG, ( (Ζ( I,J),I = 1,N 1 ) ,J= 1 
RETURN Nl=6 
,N) 
WRITE WRITE WRITE 
OUTPUT OUTPUT OUTPUT 
TAPE TAPE TAPE 
N 6 , 2 
N 6 , 2 
Ν 6 , 2 
( ( Ζ ( I , J ) , J = 1 , Ν 1 ) 
J 00 ( ( 
, 1 = 1,Ν 
( I , J ) , J = 7 , M ) , 1=1 ,Ν) 
MATRIX 
7 Ο. CONTINUE 
RETURN 
END( 1 , 0 , 0 » ■ » I 0 , 0 , 0 ) 
32 
SIMM 
C C c c c c o 
D D 




D 600 700 800 
D 
555 10QO 
SUBROUTINE S I MH(Λ,AT,Ν,Ι TER) 





MATRIX TO BE INVERTED INVERTED MATRIX 
MATRIX ORDER NO. OF ITERATIONS IN THE INVERSION 
DIMENSION A( 12, 1 2),AT( 12,12) 
DO 4 1 = 1 , Ν DO 4 J=l ,N AT(I,J) = A(J, I ) DET=1. 
DO 80CIL=1,ITER DO 8001 = 1 ,N C = 0. 
DO 10üK=1,Ν C=C+A(I,K)*AT(K,I) IF(C)200,555,200 
DET=DET*C DO 300J=l ,N 
AT(J, I ) = AT(J,I)/C DO 700J=1,N IF(J-1)40 ,,700,4-0 H = 0. 
DO 50CK=1,N H=H+A(I,K)*AT(K,J) DO 60 Ρ Κ =1 Ν 
AT (Κ, J) = AT('K,J)-H*AT(K, I ) 
CONTINUE CONTINUE RETURN WRITE OUTPUT TAPE 6,1000 F0P.NAT(25H1 MATRIX ILL CONDITIONED //) 
CALL EXIT ENDll ,0,0,0,0,0,1,0,0,0,P,0,0,0,0) 















































N( 1 (6) , 
D ( 1 ­ ) , 
E N S I O N 
12), 
















I (3 (4 (4 (4 
( 5 (5 (5 
( 5 (6 16 (6 (6 (6 16 17 (7 (7 (7 (7 
I 7 (7 (8 
3. 14 15 
RADI IM 
R A D I I Ν 
10 1=1 
0 J=l J)=0. 



























( 1 ' 










(12,12,10), Β( 12, 12, 10) , U( 12,6,1J ) , 
1(12,6), ROSPI 12, 12) , VI 12, Κ ) , 
1(12), 5(12,10), C(12,10), 
)»SOURCE! 1*),ALPHAI 10),.AMAS 0 1 10),APR IN( 10) 
1 2 ) , Ζ Κ 1 2 , 1 2 ) 
RADMI1) 
1 ) ,EPS2( 1) 
N,U1,RESP,V,RV,VI,S,C,RAD,FMP,SOURCΕ,ALPHA,AMASS, 
Q,Ν5,Ν6 
Λ DM,NR Ε GS 
2, Ν INVI,NINV2 
,RBI 1 ),ΡΙ I 1 ) ,CC( 1 ),D(1) ,Ε( 1 ),GM ),ΗΙ 1 ) ,UU( 1) ,VV( 1 
1 ) 
Ν) M) 
KJ) *AA Λ 
1 0 ) = 1 
1 1 ) = A 
2 ) = 12 5) =­3 6)=­l 
1 0 ) = 4 











9 ) =0 
1 )=­(3 
( 0 







3 ) = ­ ' " 
4 ) = ­ i . 
ΓΝ 1 ­ ■ ' · ­> ι ­ . . 7 ) = 0 . 
8 ) = ­ 0 
9 ) = ­ O 
1 ) = ­ 0 
, 3 ) = ­ r 
, 4 ) = r . 
2.0*AA 
3.r»AA 
2 . ι.' * A A 
A 
9 ó. o * Β 
3 6 . * * ñ 68.0*ñ 
8 . O * Β Β 
. 0 * Β Β 
Β 1/4.0 /2."' 1562 5* 








50 7 56 8 .04174 .00027 .0 5*59 
..3 4 7 9 r. 
003051 
PI 
5 * Ρ Ι 
2 5 * ^ 1 
6 25*ΡΙ 
0 2 812 5 * PI 
0 * Ρ Ι 
1 2 5 * Ρ Ι 
1 2 5 * Ρ Ι 
3 5 9 * Ρ Ι 
801+ 6* Ρ Ι 4 6 5 3* Ρ Ι 
5 7 5 » Ρ Ι 
Ο 7­ 9 * Ρ Ι 




























































( 9 , 7 
( 9 , 8 
( 9 , 9 
Z i 9 , 1 
Ζ ( 1 0 , 
Ζ ( 1 ο , 
Ζ ( 1 ο , 
Ζ ( 1 ο , 
Ζ ( 1 0 , 
Ζ ( 1 ο , 
Ζ ( 1 ο , 
Ζ( 1 1 , 
ζ ( η , 
Ζ( 1 1 , 
Ζ( 1 1 , 
Ζ ( 1 1 , 
Ζ( 1 1 , 
Ζ( 1 1 , 
Ι ( 1 2 , 
Ζ( 1 2 , 
Ζ ( 1 2 , 
Ζ ( 1 2 , 
Ζ( 1 2 , 
Ζ ( 1 2 , 
Ζ( 1 2 , 
DO 11 
DO 1 1 
Β( I , J 
) = ­ l 
) = 0 . 
) = 0 . 
0 ) = 0 
1 )=0 
3 ) = ­
4 ) = ­
6 ) = 0 
7 ) = 0 
8 ) = 0 
9 ) = ­
1) = 1 
3) = 5 
4 > = ­
7 ) = ­
. 2 8 9 5 
01510 
n n m 3 
. 5 * P Ì 
. 9 3 7 5 
1 .171 
1 .757 
. 5 * P I 
. 1 9 7 7 
. 0 6 59 
0 . 0 4 1 
. 6 4 0 6 
. 6 3 9 6 
0 . 7 6 9 
1 0 . 0 
) = ­ 2 . 5 1 4 
2 0 2 6 3 * Ρ I 
6 2 0 1 * P I 
4 3 3 2 2 7 5 * P I 
»P I 
~ 5 * P I 
9) = 
11) = 
1 ) = ­
3 ) = 4 
4) = 3 
7 ) = ­
8 ) = ­




, IΝ ) 
.·,;2 88 
0.. 5 * Ρ 
2 9 . 5 3 
6 . 142 
8 . 4 5 
1 8 . 6 8 
3 . 4 60 
3 .0 28 
0 . 5 * Ρ 
, 1 2 
, 1 2 
= Z U , 
8 7
' 8 1 2 5 * P I 
5 3 9 0 6 * P I 
1 7 9 6 * P I 
1 9 8 7 3 * P I 
2 5 * P I 
4 8 4 3 7 * P I 
0 4 2 9 6 8 * P I 
6·: 10 7 4 * P I 
7 7 0 5 0 7 * P I 
3 9 1 1 1 * P I 
I 
1 2 5 * P I 
5 7 8 1 2 * P I 1 4 8 4 3 * P I 
7 7 4 4 1 4 * P I 
6 9 3 3 5 * P I 












































1 , 2 , 5 ) ι 3 , 1 0 ( 4 , 6 ) ( 4 , 2 ) ( 4 , 5 ) 
1 
J ) 
( Ι Ν ) = 0 . 0 
( IN) /P .AD( ΙΝ+1 ) ­ΛΑ*ΑΑ TF(BB) NF(ΛΑ /BB) 
Β 
ΛΑ 
ΙΝ+1 ) * * 3 
*3 
( Ι Ν + 1 ) * * 5 
( 2 . / 3 . ) * C 
­G ) * * ( 3 . / 2 . ) 
+ Ο­
Ι . / C 
1 = 1 , 12 
J=1 j l 2 
= RÂC( IN+1 ) = RAC( IN+1 ) ) = R A O ( I N + 1 ) = F 




Ζ ζ ζ ζ ζ ζ ζ ζ ζ 
7 
7 
ί_ ζ ζ ζ ζ ζ. 
5,1 1 ) 
) = 















9 )=-( )=-( 
1) 
2)=ι )=-( )=-( 
) = ( ( 
" =ΕΕ 
)=-
1 )■■ )=­)=! ) = ')=­
) = ι 
) = 
= ( 



















(3. PI/ 11. 11. 
3.* 
105 
15. E/A 1./ 079 (51 9.» 11. (11 15. 142 75. 422 148 (7. EE/ (1. 1./ 
F F F 











.* *P A 
/32 PI ) )*D /25 I )/ 48. 260 200 )/3 PI) I )/ 
/64.)*EE 
D 6. 256.)*EE )*(15.­40.*G+24.*UU) 
. )*DD .)*DD*(1,­(8./3.)*G) 
/ 1 2 8 . 
256.)*EE 
PI /2 
­. PI)/4C96. *PI)/4096. ) )/32768. )*( 
HO. )*DD 
Kl J UV0 )*EE ) 15.­40.* 10.)63" 
­....„ . , U + 24.*UU) 
.0.)*DD*l1.­18./3.)*C) D/256. *PI)/40OA 
; I * L ) I A A 
!5.*PI)/8192. 
?.*PI J/8192. )■ 
AIRGAP 
36 
8200 8 201 6 301 
8203 
0? 
Ζ! ZI ZI ZI ZI ZI 
ZI ZI ZI 
ZI ZI ZI ZI Z( 1*U Fu F C FO IF WR WR WR λ R WR WR CA DO DO A( RE Γ Ν 
1 1 1 1 1 1 1 1 12 12 12 
¿­, 1 
12, 12, 12, 12, 12, 12, 12, U*U RNA RNA 












TUR D( 1 
9)=­
10) = 
11) = 12) = 1 )=­2) = 3) = ( 4)=­5)=­6) = 7)=­8) = ( 9)=­10) = 11) = 12) = U) )/ T(// T( IH T(// ) 8 2 OUT OUT OUT OUT OUT OUT SIMH 1=1 J=l 
, IN + 
Ν 
1(21. ­( 12. (CC­D (1./1 (945. (643. 23625 ( ( 157 (160. ­(56. (7654 (867. ( (567 (24. (2. (CC­D VV (cE20, 1.52X /19H ",82 Τ Τ Τ Τ Τ 
τ 
0 1 
*ΡΙ *Λ1 *(1 









)*( ( _ 7 
PI)/4096. )/4096. )* I1/32768. )*((2.­3. ) *( 3.*( 1. .+(2./3.) 
)*(21.­46.*G) *G+UU)*CC­D*(2.­(5./3.)*G­(1./3.)*UU ­G)*CC­D*(3.­G­2.*H*H)) 









PUT TAPE PUT TAPE PUT TAPE PUT TAPE PUT TAnE (Ζ,11,1 ,12 ,12 
1 ) = Ζ 1 ( I , J ) 
:J1 ¡6,8 N6,8200, N6,820C, N6,8 301 ,16,8 200, Ν6,8200, Ν INVI ) 
( ( B U , J , Ι Ν ) , J = 1 , 6 ) . I = 1 , 1 2 ) ( lût I,J,IN),J = 7,12),1 = 1,12) 
((Z(I,J),J=l,6),1=1,12) ( ( Z U , J) , J = 7, 12) , 1 = 1 , 12) 
!,o, , 1, l. , ,'IUI \.· , 












S U B R O U T I N E P R I N T 
F L U X M ( I N ) V O L U M E ( I N S ( I , I Ν ) AS F L UX A SC LRR 




D Ι Μ Ε Ν 1 V A Ν ( 2 RV (6 3 RADI DI M EN DI M EN OI MEN C Ο ν M O 1 R Ι Ν , I C O ^ N O C O N N O C O N N O D I MEN DI MEN 1 F L U X DI M EN 1SK 4 ( 6 Ο Ο Ν Ν Ό IBS I 5 ' D I M Ε Ν NX = 0 FORMA WRITE FORMA 1 IC CU R Ρ R Ι Ν FLUX = W R ITE DO 10 I F ( F M W R I T E F O R N A R P R Ι Ν GO TO N = APR DELTA XN = 0. YN = 2. DO 1 1 I F ( R Ρ RADN = Y=ALP CALL 
SION 12,12) ) 
1 
( 1 
0 ) , 
ION 
ION ION 
A , - . _ 
, I R R , Ι Ν , 1 0 , Ν 5 , Ν 6 
τ 
FMP( 1 ' Z Ì I ? , Yl 1 ) , ERSI ( Β , U , V A I 
U I 1 2 , 6 , 1 O ) 
VI 1 CI 1 ¿­ , I M 10) 
12,10), Β( 1 2, 1 2, 1 0), 1(12,6), RESPt 12,12) , 1(12), S( 12, 1 Ο) , ) ,SOURCE(10) ,ALPHAI 10) »AMASSI 1 ν ) ,APR Ι Ν Ι 1") 1 2 ) , Ζ 11 12, 12) RADMI1) 1 ) , Ε Ρ S 2 ( 1 ) 'J, U 1 , R L S π , V , R V , V 1 , S , C , R Α D , F Μ Ρ , S Ο U R C E , A L Ρ Η Λ , Α Μ Δ S S , 
1. Μ 5 . M h 
Ν NX 
Ν Ε Ρ 
S ION 
S ION 
N U O 
S ION 
) , B S 
N AR 
Z I , Y , R A D M , N R E G S 
S I , E P S 2 , N I N V 1 , N I N V 2 
C E L T A ! 1 ) , F L U X ( 1 ) , R P R I N ( 1 ) 
XN( 1 ) , UN( 1 ) , VN( 1 ) , YN( 1 ) , W\­i 
) A R G ( 6 ) ,BS I o ( o ) ,B S I 1 1 6 ) , B S K 0 ( 6 ) , B SK Κ 6 Κ5 ( 6 ) , Β 5 Ι 2 ( 6 ) , Β S Ι 5 ( 6 ) , Β S Ι 4 ( 6 ) , Β S Ι 5 ( 6 ) G,Β S Ι Λ,Β S Ι 1 ,BS KO,Β SK 1 ,Β 5Κ2,BSK 3,Β SK4,Β SK 5,Β S Ι 2,Β S Ι 3,Β S Ι 
1),ASFLUXt1)»ASCURRÍ1), 
BSK.2 (6) ,BSK3(6) 
SION VOLUME!10) 
Τ ( F OUT τ I 1 RREN = 0.0 CI 1 , OUT ΙΝ = PI IN OUT τ I 1 = RAD IO Ι Μ I I = {RA 
Ô*FM IP = R I N ) RPRI HA! I MATR 
1 2. 5 , E 1 5 . 8 , 3X , E 1 5 . 8 , 3X , E 1 5 . 8 ) 
PUT TAPE N6,1 
CHI R A D I U S 8 X , 4 H F L U X , 8 X , 1 5ΗΛSYMP TOTIC F L U X , 2 0 H A S Y M P T T //) 
1 )+C(3, 1 )+C(5, 1 ) + S( 1, 1 ) PUT TAPE N6,2,RPR IN,FLUX 1,NREGS ) ) 20,21 ,21 PUT TAPE N6,22 1HO AIR GAP //) I IN) 
N ) + 2 . 0 1 
D( Ι N ) ­RPR Ι N ) /(APR IM( I N ) + 1 .0) 
P(1)/(RAD(1)*RAD(1)) 
l.N 11,11,12 N/FMPÍIN) 
N) 
IX 














D D D D D D D D D D 






MATRI DO 13 VIU) DO 13 VIU) DO 14 VIU) FLUX= ASFLU ASCUR WRITE IF( IP CONTI RPR IN RPR IN CONTI 
I F ( I 0 
WRITE FORMA 
/ 45 WRITE FORMA 
E13. CONTI RETUR XN = C( XN = RP UN = C( UN = RP VN = C( VN=RP XN = XN YN = RA YN = 2. GO TO WN = C( WN = RP UN = C( UN = RP VN = C( VN=RP WN = WN FLUXM VOL UM WRITE FORMA GO TO END( 1 
X MULTIPLICATION 1=1,12 
n 
AND A D D I T I O N V 1 = A * C + S 




= V1 vit x=z R=Z ou ­N) NUE = RP = RP NUE )10 
OU T(2 H OU T(E 5/E NUE N 
1,1 R ΙN 3,1 RI N 5,1 RI N + UN D( I 0*F 
51 1,1 RI N 3,1 
R I iN 
5,1 
R I M + UN ( IN E( I 
OU Τ ( 
52 
= 1,12 
( I ) + Z(I t IS)*C( IS,IN) 1,12 U)+S( Ι,ΙΝ) 1 ) ( 1,5)*C15, IN) + (2,5)*C15,TN)+ TPUT TAPE N6,2 52,5.3,52 
RIN+DELTA RIN­DELTA 
02,1Λ03,1002 TPUT TAPE N6,l 1H1 CONTROL ON THE COMPONENTS TPUT TAPE N6,1 13.5/E13.5,2H 13.5/E13.5/E13 
Z( 1,6)*C16,IN)+Sl 1,IN) 
Z12,6)*C(6,IN) 
,RPRIN,FLUX,ASFLUX,ASCURR 
000 ACCURACY/29H FLUX AT REFLECTIVE BOUNDA MARKED WITH * SHOULD VANISH //) 00 1, (VK I ), 1 = 1, 12) */E13.5/E13.5/E13.5,2H */E13.5,2H */ .5,2H »/E13.5.2H */E13.5,2H */) 
N)*BSI1(1)­C(2,IN)*BSK1(1) *XN*RADM/ARG(1) N)*BSI 1 (2)­C(4, IN)*BSKK2) *UN*RADM/ARG(2) N)*BSI1(3)­C(6,IN)*BSK1(3) *VN*RADM/ARC(3) + VN N)**2­RPRIN**2 MP(INÍ/YN 
N)*BSI *WN*RA N)*BSI *UN*RA N)*BSI *VN*RA +VN­XN )=YN*W N)=3.1 TPUT Τ 8Η REG 




., IN)*BSK1 (3) 
) 
N+S(1,IN 41592653 APE N6,6 ION 13,1 
5*(RAD(IN)*RAD( IN)­RAD( IN­1 )*RAD( IN­1)) 0, IN,FLUXM( IN) ,VOLUME(IN) 3H MEAN FLUX = E 12.5,4Χ,9HV0LUME = Ε12.5 
ρ Γι ο η ι π π Λ π Γ> Γ. ι' f> Ì 
-39-
The double precision Bessel 
function subroutines are not 
included in this listing. 
3 REGIONS SAMPLE OUTPUT 
RECION = 1 OUTER RADIUS = 0.12700E 01 MEAN FREE PATH = 0.13823E 01 SOURCE = M. NO.ABSORPTIONS/COLL I S ION = 0.46710E-00 
REGION = 2 OUTER RADIUS = 0.34925E 01 MEAN FREE PATH = -G.10000E 01 SOURCE = 0. NO.ABSORPTIONS/COLLISION = 0.1O000E 01 
REGION = 3 OUTER RADIUS = 0.11285E 02 MEAN FREE PATH = 0.24619E 01 SOURCE = 0.10000E 01 NO.ABSORPTIONS/COLLISION = 0.10880E-02 
40 
RADIUS FLUX ASYMPTOTIC FLUX ASYMPTOTIC CURRENT 
0. 0.15428335E 03 0.25400 0.15602420E 03 0.20046557E 03 ­0.85674568E 01 0.50800 Ö.16160909F 03 0.20504069E 03 ­0.17330567E 02 û.76200 0.17226632E 03 0.21278194E 03 ­0.26489943E 02 1.01600 0.1905724CE 03 0.22386651E 03 ­0.36256278E 02 1.27000 0.22147449E 03 0.23854876E 03 ­0.46855665E 02 REGION 1 MEAN FLUX = 0.18320E 03 VOLUME = Ü.50671E 01 
AIR GAP 
3 . 4 9 2 5 0 0 . 2 6 1 8 4 0 9 5 E 03 0 . 2 6 3 2 2 7 6 8 E 03 ­ 0 . 1 4 2 3 7 8 4 4 E 02 4 . 7 9 1 2 8 0 . 2 8 0 9 9 6 2 0 E C3 C . 2 8 1 6 2 0 6 8 E 03 ­ 0 . 9 4 2 7 7 8 1 8 E 01 
6 . 0 9 0 0 7 0 . 2 9 3 7 4 0 3 8 E 03 U . 2 9 3 9 8 2 7 0 E 03 ­ Û . 6 4 0 4 8 0 3 0 E 01 
7 . 3 8 8 8 5 0 . 3 0 2 3 0 2 8 7 E 03 0 . 3 , , 2 3 2 5 8 2 E 03 ­ 0 . 4 2 5 C 6 6 7 3 E 01 
8 . 6 8 7 6 3 0 . 3 0 7 8 2 3 7 8 E 03 0 . 3 0 7 6 7 5 1 2 E 03 ­ 0 . 2 5 7 5 6 3 4 5 E 01 9 . 9 8 6 4 2 0 .31C9589CE 03 0 . 3 1 0 6 2 3 8 5 E 03 ­ 0 . 1 1 9 2 3 5 6 3 E 01 1 1 . 2 8 5 2 0 0 . 3 1 2 0 7 1 6 7 E 03 0 . 3 Π 5 4 5 7 0 Ε 03 0 . 5 4 3 7 3 4 7 8 E ­ 0 3 
REGION 3 MEAN FLUX = 0 . 3 0 1 5 4 E 03 VOLUME = 0 . 3 6 1 7 8 E 03 
CONTROL ON ACCURACY 
FLUX AT REFLECTIVE BOUNDARY 
THE COMPONENTS MARKED WITH * SHOULD VANISI 
0 . 3 1 2 0 7 E 03 ­ 0 . 2 3 6 6 8 E ­ 1 0 * 
0 .1+0019E­00 
­ 0 . 3 2 1 2 7 E 01 
0 . 5 9 0 3 9 E ­ 0 6 * 0 . 3 1 6 6 5 E ­ 0 5 * 0 . 1 1 7 4 6 E ­ 0 1 ­ 0 . 3 0 9 5 2 E ­ 0 0 • 0 . U 2 3 6 2 E 02 0 . 7 9 6 7 9 E ­ 0 6 * ­ 0 . 8 4 6 9 7 E ­ 0 5 * • 0 . 1 7 3 2 4 E ­ 0 3 * 
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